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SUMMARY

Tegts were made of a .]%-sca.le dynamlically similar model of the Lock-

heed Constellation alrplane to investigate its ditching characteristics
and proper ditching technique. Scale-strength bottoms were used to
reproduce probable dasmege to the fuselage. The model was landed in calm
water at the Langley tank no. 2 monorail. Various landlng attitudes,
speeds, and fuselage configurations were simulated.

The behavior of the model was determined from visual observations,
by recording the longitudinal deceleratlons, and by taking motion plctures
of the ditchings. Data are presented in tabular form, sequence photo-
graphs, and time-history deceleration curves.

It was concluded that the alrplane should be ditched at a medium
nose-high landing attitude with the lending flaps full down. The alr-
plane will probably make a deep run wlth heavy spray and may even dive
glightly. The fuselage will be damaged and leak substantially but in
calm water probebly will not flood rapidly. Maximm longltudinal decele-
rations in a calm-water ditching will be sbout kbg.

TNTRODUCTION

Model tests were made to determine the probsble ditching character-
igtics and the proper ditching technlique for the Lockheed Constellation
airplane. The model was designed so that elther a relstively rigld or
an approximately scale-strength bottom could be used. The teasts were
made 1in calm water st the Langley tank no. 2 monorsil. Design information
regarding the airplane was furnished by the Lockheed Alrcraeft Corporation.
A three-view drawing of the airplane is shown 1n figure 1.



2 NACA RM L8K18

APPARATUS AND PROCEDURE

Description of Model

The é%-scale model had a wing spen of 6.84 feet, a fuselage length

of 5.27 feet, and a gross welght of 14.5 powmds. Fhotographs of the
model are shown in figure 2. The model was constructed principslly of
balsa wood with spruce at points of concentrated stress. Internal ballast
wag used to obtaln scale welght and moments of inertia.

The lending fleps were lnstalled sc that they could be held in the
down positions at approximately scale strength. A calibrated string was
fastened between a wing bracket and a corresponding flap bracket so that
loads on the flap greater than the scale design load would cause the
string to break and the entire flap to be torn away. Information obtained
from Lockheed Alrcraft Corporation indicated that if the flaps failed
they would be complstely torn from the wing.

The strength of the fuselage below the floor as estimated by the
manufacturer is given Iin figure 3. From this information it was essumed
that the wheel doors would be completely torn away in a ditching and
that the fuselage below thé floor, except the section between the wing
beams, would be dammged. Accordingly, the bottam of the model below the
floor was made removeble and scale-~strength replacemesnts for the bottom
were developed. One of these scale-strength bottoms installed on the
model 1s shown in figure 4. The scale-strength bottoms were made of
balsa ribs end stringers and were covered with thin doped paper. They
were designed &nd tested to fail wnder a wnmiformly distributed load
of 8 psl (full-scale). A scale-strength bottom In the load-testing
apperatus is shown in figure 5. The loading of the test bottom was
accomplished by increasing the alr pressure inside the test chamber, the
Pressure being applied to the outside of the test bottom. The pressure
required to cause fallure was mesasured by the mancmeter shown on the

right in fligure 5.

Test Methods and Equipment

The model was ditched by catapulting 1t from the carriage on the
Lengley tenk no. 2 monorail sco that it wae free to glide onto the water.
It was launched at scale speed and the desired landing attitude, and the
control surfaces were set so that the attitvude di1d not chénge appreclably
In flight. The behavlior was determined from visual observatlion, motlon-~
picture records, and time-history accelerometer records (longitudinsl).
The accelerometer had a natural frequency of about 17 cycles per second
and was demped to about 65 percent of criticsl damping. The reading

accurecy of the instrument was gbout i%g.
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Test Condlitions
(A1l values given refer to the full-scale airplame.)
Weight .- The weight corresponded to & gross welght of 84,500 pounds.
Center of gravity.- The longitudinal locatlon of the center of

gravity was 25 percent of the mean asrodynamic chord; the vertical
location was 23.04 inches sbove the thrust line of the inbosrd engines.

Landing attltude.- Attitude is the angle between the fuselage
reference line and the water surface. Three landing attitudes were
investigated; 12° (mear stall), 9° (intermediate), and 4° (near three-
wheel static attituds).

Flaps.- Tests were made with the flaps up, 60 percent down, and
full down. When down the flaps were attached at & scale strength
corresponding to an ultimste loading on the flaps of 2 psi.

Landing speed.- The landing speeds are listed in table I. They were
computed using 1ift curves and the previously chosen valuea of weight,
attitude, and flap setting.

Landing gear.- All tests simulate ditchings with the landing gear
retracted.

Conditions of demmge .- The following fuselage configuretions were
Investigated:

(a) No demags.

(b) Simulated fallure of the wheel doors and a scale-strength bottam
from stations 333 to 508 and stations 622 to 1060.

RESULTS AND DISCUSSION

A summary of the results of the investigation l1s presented In
teble I. The symbols used in the teble are defined as follows:

b deep run - & run in which the model travels through the water
pertielly submerged exhibiting a tendency to dive although the
attlitude remains near level

d slight dive - a dive in which the angle between the water surface
and the fuselage refersnce lines 1s about 20° and the wings are
partially submerged



b NACA RM L8K18

h smooth run - a run in which there is no Apparent osclllation about
any axls and during which the model settles into the water as
the forward veloclty decreases.

P porpoising - an undulating motion about the transverse axis in
which some part of the model is always in conbtact with the water

8 skipping - an undulating motion about the transverse axis In which
the model clears the water completely

u trimmed up - the attitude increases Immedlately after contact with
the water

Typical damage sustained by the scale-strength bottoms 1s shown in
figures 6 eand 7. Figures 8 and 9 present longltudinal deceleration curves
ag influenced by flap setting end landing attitude. Sequence photographs
of ditchings at three different attitudes are shown in figure 10.

Effect of Damage

When the model was tested with a scale-strength bottom, soms damage
always occurred. In general, bottom damage caused the lending rung to
be shorter and the decelerations to be higher than for similar test condi-
tions without demage. In some cases smooth rumns were changed to porpoising
rung or deep rune and deep runs were changed to dives when damage occurred.
In other cases there was little difference 1n motion duwe to damage.
(See table I and figs. 6 and 7.) For certain test conditions, the
behavior of the model was characterized by two dlfferent type runs. When
scale-strength bottoms were used, these different type runs were accompanied
by different amounts of demage. Figure 6(2) shows the emount of dsmage
that occurred in a porpolsing run and figure 6(b) shows the demsge that
occurred in a deep run, both at the same landing attltudes and flap '
setting. Figures 6 and 7(a) show the damege sustained in 12° landings
with various flap settings. The most severe damsge occurred when the
flaps were full up, probably due to the higher landing speed. The damage
sustained in lendings at 12°, 9°, and 4° attitudes with flaps full down
1s shown in figure 7. In each case the damage was slight even though the
motions of the model varled from a deep run to a dive.

On the baesis of damage susteined by the scale-stremgth bottoms 1%
can be expected that In-e calm-water ditching the fuselage will be
demaged and lesk substantially but probably will not flood excessively
fast. Since the airplane is a low-wing type, the wing should provide
enough buoyancy to float the alrplane falrly high in the water.
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Effect of Flaps

The landing flaps wers so located and of such strength that their
settlng affected the ditching bebhavior of the model. Generally, smooth
runs resulted when the flaps wers up and deep runs with occasional
slight dives resulted when the flaps were down. When full down, the
inboard flaps usually failed after producing a slight nose-down motion.

The outhoard flaps generally &id not fall. The flaps, when 60 percent
down, did not fall and produced greater nose-down pltching than did the
full-down fleps. Figure 8 gives time histories of decelerations for
landings at 12° attitude with the undamsged model with flaps up , 60 percent
down, and full down.

The use of flaps caused the ditching motlons to be samewhat worse
than those obtained with flaps up. However, the behavior with flaps
down is not prohibitive. Full flaps mseske possible a substantisl decrease
in forward speed and thus lessen the possibility of excessive dsmage
(see figs. 6(b) and T(&)). Consequently, it is probably best that the
flaps be full down in & dlteching. :

Effect of TLanding Attitude

The effect of landing attitude was most apperent In the investiga-
tion of the undemaged model. The L4L° attitude produced the most severse
ditc s (the deceleratlions were highest and the motions were most
violent) and the 12° attitude produced the least severe ditching (see
teble I). There was little difference in the ditchings at 12° and 9°
except that the decelerations were lower in a 12° landing. The landing
attitude did not have as much effect on the model when ditched with a
scale-strength bottam. With flaps full down, the 12° attitude resulted
in the smoothest run, the 9° attitude resulted in the lowest decelerationms,
and the 4° attitude resulted in the most severe run (see table I end
figs. 9 and 10). The landings were usually accompanied by heavy spray
(see fig. 10).

Since the 4° attitude tends to be the most severe and as there is
little to choose fram between the 9° and 12° attitudes, a medium nose-
high attitude is recommended for ditching. In a calm-water landing the
ajirplane wlll probably make a deep run wlith & maximum deceleratlion of
about hkg.

CONCLUSIONS

From the results of the model tests the following conclusions are
made: .
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1. The Lockheed Constellatlon should be dltched at a2 medium nose-
high attitude. The landing flaps should be full down.

2. The airplesne will probebly meke a deep run with heavy spray and
may even dive slightly.

3. The fuselage will be damaged and leak substantially but In calm
water 1t probably will not flood rapidly.

4. Maximm longitudinal decelerations in & calm-water ditching will
be about Lg.

Langley Aercnautlical Laboratory _
National Advisory Commlttee for Aeromautics

Langley Fleld, Va.
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v - *j}_ _ Reference line

‘i\~ Ground line

Figure 1.~ Three-view drawing of the Lockheed Constellation airplane.
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(a) Front view,

Figure 2.- Model of the Conatellatilon.






(b) 8ide view.

Figure 2.~ Continued.
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(¢) Three-quarter hottam view.

Figure 2.~ Conelunded.
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Flgure 3.~ Egtimated strength of fuselage below floor.
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Figure L.~ Model with scele-strength pottom installed.
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Figure 5.~ Scale-strengih bottom in testing apparatus.
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(a) Flaps up; (b) Flaps up; (o) Flaps down 60 percent;
porpoised. ran deeply. dived slightly.

Figure 6.- Demage sustained by scale-strength bottam at 12° lapding attitude with various
flap settings.
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(a) Landing attitude, 12°%; (b) Landing attitude, 9°; (c) Ianding attitude, 4°;
ran deeply. ran deeply. ren deeply.

Figure T.- Damege sustained by scale-strength bottom &t various landing attitudes with flaps full down.
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(¢) Flaps, full down;
landing epeed, 85 mph.

Figure 8.- Longltudinal decelerations at 12° landing attitude with no
demege simxlated. All values are full scals.
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(¢) Landing attitude, L°;
landing speed, 105 mph.

Flgure 9.- Longitudinal decelerstions with scale-strength bottom
installed and flaps full down. All values are full scale.



(a) Landing attitude, 12°; emooth rus.

L~58396
Flgure 10, - Sequence Photographs at 0.53-second intervels with scale~ptrength bottom installed and
flaps full down. All velues are full Acale.
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(b) Landing attitvde, 99; deep run.

Figure 10.~ Conblnued.
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(c) Ianding attitude, 4°; slight dive.

Flgure 10.~- Concluded.

1-58%98

|TIRT Wd VOVN

€




q_ " iR EIWMUWHI ? ST

3 1176 01436 6448 =




